Candida parapsilosis is considered to be a complex of three species due to genetic heterogeneity. Currently, it is the second most isolated yeast in bloodstream infections and oral cavity sites with C. parapsilosis sensu stricto and C. metapsilosis being the species mostly recovered from oral niches in both healthy and immunecompromised patients respectively. Disparity in antifungal susceptibility has been reported among species of this complex, while no data on distribution and behavior in the oral cavity has been reported in Argentina.
Introduction
Candida species have emerged as important pathogens over the last two decades [1] , and invasive candidiasis (IC) is one of the most common causes of nosocomial invasive infectious diseases [2] ). Although Candida albicans species remains the predominant etiologic agent, >50% of candidaemia cases and IC can result from non-albicans Candida species [2] (Miranda et al) with Candida parapsilosis being the second or third yeast species in this group most commonly isolated from blood cultures in Latin America, Canada, Europe, and Asia [1] (Ge et al, 2012 ).
The Candida parapsilosis complex is composed of three different species: Candida parapsilosis sensu stricto, Candida orthopsilosis, and Candida methapsilosis, phenotypically indistinguishable but genetically heterogeneous [3] (Silva, 2009) , which means that for discrimination at the species level, it is necessary to conduct molecular biology techniques for its typing [4] , and although many of them have been described, there is not an established molecular technique to be used as reference yet. The techniques studied include karyotyping, isoenzyme typing, multilocus sequence typing (MLST), restriction fragment length polymorphism analysis (RFLP), amplified fragment length polymorphism (AFLP), randomly amplified polymorphic DNA (RAPD) and DNA sequencing [5] (2).
Results are highly variable based on the species distribution of this complex. While literature reviews show a higher prevalence of Candida parapsilosis sensu stricto worldwide, with this being the most isolated species of hematogenous infections, the distribution of Candida orthopsilosis and Candida methapsilosis is quite heterogeneous, which varies according to geographic regions, clinical sites and anatomical sites [1, 6] .
Little is known about the prevalence of Candida parapsilosis complex species in the oral cavity. The few published works on the subject report varying results on the distribution of the complex in this specific ecological niche, emphasizing that C parapsilosis sensu stricto is the species mostly recovered in immunocompetent individuals either in Europe or in North America [3, 7, 8] , while C. methapsilosis might apparently predominate over C. parapsilosis sensu stricto in immunocompromised patients. Evidence of this is the result of the study presented by Moris DV et al, who found in oral cavity of patients with HIV, a total prevalence of 4.7%with 2.2% of C. parapsilosis sensu estrico and 2.5% of C. methapsilosis, but did not find the presence of C. orthopsilosis [9] .
Regarding the behavior of Candida parapsilosis sensu stricto in the oral cavity, no data was found.
Variability in antifungal susceptibility profiles has been reported among species of this complex [10] , besides the decreased susceptibility of C. parapsilosis sensu stricto to azoles and echinocandins [3, 7, 10, 11] . The development and subsequent expansion of nosocomial C. parapsilosis resistant to these drugs have major clinical implications. Therefore, continuous monitoring of the emergence of this multidrug-resistant phenotype of C. parapsilosis is clearly justified.
Despite the importance of C. parapsilosis as a nosocomial fungal pathogen, there are few studies, focused especially on Latin America, based on the global epidemiology and on the response to anti-fungal species of this complex, let alone the knowledge about the distribution complex in oral cavity niches which can be a source of candidemia caused by this fungus in groups with risk factors. In Argentina, scarce data reveals species distribution and response to antifungals within this complex. Therefore, our group was aimed to study the prevalence, distribution in mouth and response to antifungals of the 3 species of the C. parapsilosis complex in a collection of clinical isolates obtained in previous research studies which were referred to the Mycology Center of the School of Medicine, University of Buenos Aires (UBA), and Gandulfo Hospital.
Methods
In this experimental and retrospective study, 31 clinical isolates of the Candida parapsilosis complex from outpatients and immunocompetent patients, and from different oral cavity niches obtained from previous research studies which had been referred from the collection of the for Mycology Center, School of Medicine-UBA and Gandulfo Hospital between January 2006 and December 2007, including the clinical records of the patients and data on oral isolates.
The inclusion and exclusion criteria used for specimen collection were:
Inclusion criteria: Adult, immunocompetent and non-smoker individuals, aged between 18 and 50 years, with and without periodontal disease based on clinical indicators obtained by pressure-controlled periodontal probing; with or without intraoral instruments.
Exclusion criteria: Individuals with systemic diseases affecting the gum and periodontal status; Patients who had received antibiotics, anti-inflammatory or anti-fungal treatment six months prior to specimen collection and patients who had received periodontal treatment six months prior to the study. Patients who rejected to participate in the study after being duly informed were also excluded.
Rejection criteria: For ethical reasons, patients requiring the application of local or systemic surgical complementary and/or pharmacological therapies were not enrolled in the study, as well as smokers and pregnant women.
Experimental design
All stored specimens identified as Candida parapsilosis, based on conventional phenotypic methods, and referred from previous studies, were processed. Of the total samples analyzed, 31 isolates were successfully reconstituted and could be molecularly characterized by endpoint PCR.
ATCC reference strains were used: C. parapsilosis (ATCC 22019), C. orthopsilosis (ATCC 96139) and C. methapsilosis (ATCC 96143) and subjected to the same procedures used for the clinical isolates:
Phenotypic reconstitution
Stored isolates were recovered and seeded in culture media:
• BHI (brain-heart infusion) for metabolic activation of strains, with 24-48 h incubation at 28-37°C.
• Solid differential chromogenic medium for the detection of Candida (CHROMagar) to specify the purity of the isolate and rule out contaminated strains, with 28°C incubation.
• Sabouraud, to obtain amplification of colonies for 24 h at 28°C incubation.
• YPD broth (yeast extract, peptone and glucose) to obtain a pure culture at 37°C, stirring for 24 h.
Isolates were identified on the basis of the color developed in chromogenic medium, micro-morphology in milk 1%-Tween 80 agar, and carbohydrate assimilation profile API ID 32D and Vitek2 (bioMerieux, France) trading systems.
Molecular identification of the C. parapsilosis complex through the following steps
• Extraction of DNA from the yeast following the protocol described in Scherer and Stevens 1987, using zymolyase and column purification (QIAamp DNA Blood Kit), for which the Qiagen protocol was followed. DNA was stored at -20°C
• Inspection of DNA by electrophoresis
• Quantification and quality control of DNA by spectrophotometry
• DNA dilution in 1:10 ratio
• Molecular typing of species of the complex by endpoint polymerase chain reaction (endpoint PCR), using specific primers obtained from unique sequences contained in the internal transcription spacer 1 (ITS 1)-5.8 rRNA-ITS2 of the fungal ribosomal DNA, which allow to obtain a specific sequence of the C. parapsilosis sensu stricto, C. orthopsilosis and C. methapsilosis species separately (Table 1 )
Antifungal susceptibility profile
In vitro susceptibility was evaluated on 6 antifungals commonly A3 and by the automated Vitek2 (Biomerieux) system.
Strains of Candida albicans ATCC 90028, Candida parapsilosis ATCC 22019 and C. krusei ATCC 6258 were included as control.
For the interpretation of MICse, species-specific score cutoff values were used, reconsidered by the CLSI Subcommittee led by Pfaller and Diekema, and published in the Journal of Microbiology-2012 [13] .
Statistical analysis
Data were processed in the Microsoft Excel 2010 software, STATISTIX 7.0 and SPSS v11.0 for quantitative and qualitative analyses, with a 95% CI, and chi-square test for statistical significance.
Results

Molecular identification of species of the parapsilosiscomplex in clinical isolates previously identified as Candida parapsilosis by conventional methods
A total of 31 C. parapsilosis strains were recovered and evaluated by molecular methods. Strains were isolated from different oral niches: buccal mucosa, palatal mucosa, tongue and gingival sulcus. Of the 31 strains, 7 were obtained from a collection of isolates of the Mycology Center-UBA, and 24 were referred from Gandulfo Hospital ( Table 2 ).
All isolates, 100% (31/31), were positive for C. parapsilosis sensu stricto species by endpoint PCR using the specific primer pair CPAR-CPAF, obtaining amplicons of equal size to 379bp ( Figures.  1, 2 ). This banding pattern is compatible with that in Asadzadeh M et al, published in the Journal of Medical Microbiology of 2009 [12] .
Distribution of C. parapsilosis sensu stricto according to oral clinical condition
When the species found were associated with the oral condition of the patients at the time of sampling (as reported in the medical history) it was found that six of the 31 (19.4%) strains were isolated in gingivitis conditions, 18 of the 31 (58.1%) positive for C. parapsilosis sensu stricto strains were isolated in periodontitis conditions, while 7 of the 31 (22.5%) sensu stricto strains were isolated in oral health conditions (Table 3) . 
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Distribution of C. parapsilosis sensu stricto according to presence or absence of intraoral appliances
When the species found were associated with the use of intraoral appliances, it was found that of the 31 strains characterized as C. parapsilosis sensu stricto, 17 (54.8%) belonged to patients with some kind of intraoral device (orthodontics, removable and fixed prostheses, partial and total) and 14 (45.2%) belonged to patients without intraoral appliances (Table 4) . 19 strains studied was 5.26% (Table 7) .
The MIC 50 and MIC 90 of each antifungal were quite low in this study, including coinciding with 4 drugs: VRC, CASPO, MICA and FLUCY. This means that the strains were very responsive to said antifungals (Table 7) . 
Discussion
Candida parapsilosis is currently considered an emerging nosocomial pathogen [14] , and its growing resistance to the azole and echinocandins groups [3, 7, 10, 11] has placed it in the spotlight in recent years. It is an integrated complex composed of 3 species phenotypically indistinguishable, but due to its genetic heterogeneity, such discrimination is possible using molecular techniques only.
In 2005, Tavanti et al. proposed the analysis of restriction fragment length polymorphisms of the SADH gene, which encodes the secondary alcohol dehydrogenase enzyme and is common in the three species [15] . However, there is no standard technique for such discrimination; and in 2009 Asadzadeh et al presented the results of a study based on the molecular characterization of species of this complex in a collection of clinical isolates from Kuwait, using a simple technique based on the use of specific primers obtained from unique sequences within the ITS1-5.8SrRNA-ITS2 region, which allows the collection of each species separately. They validated their results using the automated sequencing technique by Sanger [12] .
Within this complex, C. parapsilosis sensu stricto is the species most isolated from clinical isolates derived of both immunocompetent patients either in pathological conditions or commensal [1] [2] [3] 6, 7, 9, 14, 16] . This fact has been backed up by many studies worldwide. However, there are few studies that describe the prevalence and distribution of the species involved in this complex at health or oral conditions levels. To date, it is generally acknowledged that C. parapsilosissensu stricto is the most prevalent species in the oral cavity niche of immunocompetent individuals, regardless of the geographical region. This has been reported in studies conducted in the USA [8] , Portugal [3] , Turkey [7] and China [1] . A single study in Brazil, analyzed the distribution of species involved in this complex in the oral cavity of chronic HIV-patients, in which C. metapsilosis was the most isolated species followed by C. parapsilosis sensu stricto, although the difference they found was not statistically significant, and the sample size was very small [9] . [7] , (Table 8) .
When the species found were associated with oral clinical conditions at the time of sampling, according to the data recorded in the medical history of each patient, it was found that C. parapsilosis sensu stricto prevailed in inflammatory oral conditions compatible with clinical gingivitis and periodontitis, predominating particularly in the latter group. Conversely, when correlating the species isolated with the use of intraoral appliances, even when C. parapsilosis sensu stricto predominated in the group of patients with some kind of intraoral appliances, the difference observed was not statistically significant in relation to non-carriers. There are no published data to contrast our results.
Antifungal resistance or tolerance of the parapsilosis species complex is a growing problem in the terms of conventional and novel antifungal agents. According to some research, isolates of C. parapsilosis sensu stricto are less susceptible to some antifungals used in candidiasis treatments, such as amphotericin (AMB), fluconazole (FLC), itraconazole (ITC) and caspofungin (CASPO) when compared to the susceptibility of isolates of C. orthopsilosis and C. methapsilosis. Among the azole derivatives analyzed in this study, FLC and VRC showed high levels of efficacy, as a single strain derived from the tongue showed SDD and SI to these drugs, respectively. And the MIC 50 and MIC 90 of both drugs was similar to that reported by other authors [2, 17, 18] .
Based on the ECV, all C. parapsilosis sensu stricto isolates were susceptible to AMB. This result is in line with other studies [19, 20] . However, Ataides F et al [14] and Lockhart et al, [6] reported C. parapsilosis sensu stricto species resistance to AMB. The response of the parapsilosis species complex to AMB varies considerably from one region to another, which could be determined by genotypic variability of the three species involved in this complex.
Regarding the response to FLC obtained in this study, 100% of the isolates showed MIC values equal to or lower than 1ug/mL of this drug. As in AMB, there is no consensus on the cut-off values for this antifungal in C. parapsilosis sensu stricto species. However, when considering the ECV classification made by
Pfaller and Diekema (2012), [13] it could be observed that 100% of the strains were resistant to FLUCY, since regarding the ECV, the MIC of FLUCY equal to or lower than 0.5 ug/mL corresponded to a WT strain, while a MIC higher to 0.5 ug/mL indicated that a non-WT strain developed resistance mechanisms. But the British Society for Micopathology 21 established as isolates "sensitive" to flucytosine, those who shed drug MIC equal to or lower than 1 ug/mL. And as reported by other authors, the MIC obtained in this study regarding flucytosine in the 15 strains analyzed is high compared to that reported by Silva et al, [3] Miranda et al, [2] and Canton et al [17] . These reports were obtained in studies conducted in Europe, while in India, Bhatt M et al [22] obtained high rates of FLC resistance in C. parapsilosis isolates.
In relation to echinocandins, only one isolate showed reduced susceptibility to CASPO in this study. This result is consistent with the global trend, as many studies have reported that the MIC value of CASPO in C. parapsilosis sensu stricto is higher than the values of the other two species within the complex. However, the explanation for this phenomenon is not entirely clear [14] . Recent studies have described a precise mutation in the glucan synthase (FKS) gene in the parapsilosis species complex, which may well explain this observation. FKS gene mutations have been shown to be associated with resistance to CASPO, which was demonstrated by the increase in MIC values in mutant isolates compared with those non-mutant or wild-type [23, 24] . Unlike the results obtained for CASPO, all 19 strains were susceptible to MICA, and MIC 50 and MIC 90 coincided regarding this drug, despite being lower than that reported by other authors like Miranda et al [2] and Tosun et al [7] .
Conclusions
• C. parapsilosis sensu stricto is commonly related to the colonization of the oral mucosa, especially in pathological conditions. In this context, the mouth becomes a potential source of candidemia or invasive infections caused by this yeast, besides being a possible source of fungal transmission by direct contact from person to person.
• C. metapsilosis and C. orthopsilosis are two strange species found in oral cavity niches both in healthy conditions and disease.
• C. parapsilosis sensu stricto shows a favorable response to a wide range of antifungals, with less responsiveness to FLC, VRC and CASPO. Situation that is in line with the global trend.
• In the Americas, this is the first study focused on species
